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ARACHIDONIC ACID AND PROSTAGLANDINS ENHANCE
POTASSIUM-STIMULATED CALCIUM INFLUX INTO RAT

BRAIN SYNAPTOSOMES

S. 13. KANDASANIY and W. A. HUNT
Behavioral Scienes Department. Armed Forces Radiobiology Research Institute, Bethesda.

Mlaryland 208,~45145, U.S.A.

(.tfccepcu 2 Mtarch 1990)

8Summary -- Exogenous admtnistration of' arachidonie acid, prostaglandins PGFot, PGD, and PGE.
ilCreu1Sd potaSsiim-timiulated uptake of calcium in rat brain synaptosonles from the brain of thc rat,

bttt tad no effect on the ba sal uiptalke of calcium. A richidonic acid-nd uccd upt-ike of calciutm was
tttcd jatd by it,, prti tla nill It meta ho 91tes, becaluse It e~ boxy genase inhibi tor. indomet klein. inhibited (lhe

resptme t-XP Calciumt chlnt blockers, such as verapamnil. diltiazem and nimodipinc. blocked both
K(1- and prsalni-nacdpotassiumn-stimiulated influx of calcium in the brain. These results
ituegst th1at Prostaglandins act ats at calcium ionophore. through 1.-tVpe voltage-sensitive calcium channels.

kei mriA a rachidonrtc acid, brain, calci ttm. prosta glandi ns, synaptosomles. f

The formtation kit Prostaglandins. prostacyclin, release of neurotransmitter and in heart and in
thromboxanes or- Icukotrienes in differenit cells re- smooth muscle, calcium couples excitation to con-

,riiclfidlonic acid, a naturally occurring cis- traction. The entry of calcium into these tissues
Poll, all trtt~lCd t'altt acid that is fotdPrimarily appears to b.- mediated by voltage-sensitive calciutm
c-.teritied ito mnnriltse lipids ill ns1animaliats cells channels ([l1agiwara and B1yerly, 198 1). Several classes
(Stiuclkoti I 9SI Y The releasew of* ilachidolic acid of compoutnds have been shown to interact with these

J root lipids inav bie an early step in the mnechanism of channels. The most important class has been the
itction ot' some secrelt it "ges (Samutelson. 1981). dih~dropyridine calcium antagonists, such as nitren-
llroita glankdins are svilthesi/ed in response to vartous dipine and nimodipine. D. ags from other chemical
Stimuli a.nd are kno-wn to modulate numerous phySio- classes, such as verapamil and diltiazem. also act as
lolzical functions. inclttdiliv central ones (C'hiu 'and calcium antagonists (Schwartz, 1982).
Richarldso., 191\5: 011iv, Gtanstroi and Aniggard, Because arachidonic acid and/or its metabolites
HI. 95 Vlrostitglalisdttt hmts e)M betI1demonstrated to be may be intracellular effectors of calcium-mediated
tnvoksed inl thermioregulation (Milton and Wend- secretion, the effect of exogenous administration of
landt, 1970: (J'co. Narunli~a. Ocoroehi, Nakayama, arachidonic acid and prostaglandins on basal and
Ishikawit and I laaishi. 1 982). induction of' sleep potassium-stimulated influx of calcium into synapto-
I Uleoo, Ishikawa. 'Nakasania and 1-avaishi. 1982: somes was studied. In addition, the effect of calcium
Uino, H onda. Inoue and llayaishi. 1983: Ueno, channel blockers on the uptake of calcium was
Osanii. I. rade and llayaishi, I]",5), nociception studied.

OlIorilzttchi. lieno. I lyodo atod H ayaishi, 1986;
Olikiuho. Shibatta. Takahashi and looki. 1983).
inticonVuLiWVe effects (Eorestman. Heldt, Knappen NIETHtOtS
and F-lertingt, 1982). release of neCurotransmittets
(Iligashida, Nakagawa and Miki. 1984: McGee, Mwfaerials
Simpson. Christatin, Mata. Nelson and Nirenberg,
197h) and othler actions (Wolfe, 1982: Wolfe and Arachidonic acid, prostaglandins PGFloi, PGE,
('occani, 1979). In addition, prostaglandins elevate and PGD.2, verapamil hydrochloride, diltiazem
levels of 3'.5'-cyclic adenosine monophosphate cyclic hydrochloride and indoinethacin were purchased
(cANIPi and cyclic gttanosine 3'.5'-monophosphate from Sigma (St Louis, Missouri) and were dissolved
(cGMP) in neural tissue (Gilman and Nirenberg, in ethanol. Nimodipine was a gift from Miles Labora-
1971: llamprccht and Schultz, 1973), tories Inc. (New Haven, Connecticut) and wvas dis-

alimis important in a variety of* functions, in solved in dimethyl sttlphoxide (DMS0). Becautse
both Ihe central nervouIS systej atnd in peripheral niniodipine is scnisitive to light, experiments were
tissues. Inl neural tissue, the influx o1' calcium into done using amber-colored test tubes. The a5CaCl2 was
presynaplic nerve endings initiates events leading to purchased from New England Nuclear.

825 .15
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Preparao (,, 1111 'Mocnil itP11A C ol o/uuiot se ri m al burnin as the standard. A!! data a re ex-
pressed as the mean -t SEM of' triplicaze determi-

Male Sprague IDa~eN rats. "eighing 200 300 g nations. Values for the effect of indomelhacin or

l(.harles Riser Breeding Laboratories. Kingszon. calcium channel antagonists on the enhancement b"
N-" Yorki. aceused in thecse experimients. The atachidonic acid. PGF~x. PGD, or PGE, of the

i-iiit'ii~~ was prepared ny a potassium-stimulated uptake of' calcium wxere repre-
modification of' the method of' GraN and Whittaker, sented as -a percentage of control. I.e, responses it,

10)62. The final pellet \oas resuspended in ice-cold arachidonic acid, PGF-af. PGD- or PGE- in the
incu~bation medium (NAAl. 136 mM: KCI, 5mM: absence of' indlorrethacin or calcium channel antag-
(AQ. o.12111%: %M1CI._ 1.3 m1M: glucose. It)mM: onists. Statistical analyses were perforined using
Tris base 2(1 niM: pH adjusted to 7.65 with L.0M analysis of' variance (ANOV.A, IRSI: BBN Sof-% ik:t
inaleic acid). to provide a concentration range of' Products Corp., Cambridge. MIA). for identifx io' the

.ipprcsximnoll 4 6mIg protein ml]. main effects, along wxith subsequent post iwt tests.
l-r tile deterinitioti of' the uptake of calcium, when appropriate. Data "ere identified as signific, nt

uo,4" Tn1 of the ss taptosotnal preparation 55 as pipetted if' P < 0.05.
inoo test Wiles and incubated for approximately
1.4 min it 'M1 ( in a Duhnofl metabolic shaker, in the
prescelc of absence if, i.ariouis concentrations of' RFSI II
dirijits as descibed later The drugs wecre added in a
21-ul % olumec to riimike final Inicubation volumec of' Prostaglandint PGF-a! t10 nM I ( ItM) and arachi-
I) nil I or control spe.20) y I of- incubation donic acid. PJD, and PGE, t0 301) cMa~ch; in-
med~kium. k\11 %ciOI sro C.anLellurations of* ethanol -' .:tsed the entry of' potassi-stimulated influx of'
)I SO. a ei e akisedi I- or these c\ficriients, (0.5 mil. ol calcium (Fig. I ) but had no effect on the basal uptake

dcnolariilie 1 sudJpo Iaii i solIutionl. cotinin olf calcium (data not sho\An I Arac hid onec acid
a S (3 P C s a 1 dde f LIIor 3 cc The uptaike OC )M-NIduLCLd u.psc oi caicium was tnhtbtted by

is ,,, p rornpt addition of ndomethacin ( I 101iM) (Fig. 2). a cvelooxeae
ml o anicccol [0 -\stopin soutin I iCI nibior.sugesting that arachidonic acid acted

136 iM *K( . i II . N1] 1. n~: E TA through the formation of' prostaglandins. iowes em.
eih lce-axco-ht- btaamio-ehyletbri X ndomethacin had no itihibitorN effect on the

tctr-sacetic icid). 3mM. gluco, 1(1 mM. Tris base. iaemn yPFa.PE N O.o h

2(1ill: 11adjsid o '05wit I) rnalecc id) KCI-stirnulated influx of calcium (data not showni.
I he omiposinosn of tile depolari/ing solutioni \a s the Preincubation of the synaptosomes wAith the %Oltaiee-
saic ,is that o! the i nCuatioN10 niediUtM. exscpt that sensitive channel blockers veraparnil 5 30 11 Mt.,

i ~ ~ ~ ~ ~ ~ ~ P poto h AI i:n~ial elcdl imodipine (1-I (1 Ni) or diltiazern ( 5f 3)))) p'1).
K(1. to pro ide -i final esinc,.ntraition o." KC I of' inhibited the potassium-PGF3Y- or PiD.- and PGE-

m \nl [he, nonkdepolariitw solution had the itme enhanced potassium-stimulated influx of' calcium
koiposltisin is lie Itcubation nmediulm. except for (Table I.
tdie prececi Ia Depolariing and nondepolar-
1fin1 ILMO[iss,~ Added to drug-exposed s,,Irapto-

1ons.KcInu0 l the sanie cotncentrations of' 4,6

kilrue-. is0 rlMlition thle deswitated molar relation- js

,hip, [,ich samlple a ., iminciediat filtered tinder r
icaln thog itinan (Ji- B filter. presoaked ~

it ii loliiepiilari/ille otiutiont lFich tilter was then .

kssislted kkith iwo 5-1111 aliquots of ice-cold incubation E 3

imediui ,iiid plaiced iii a sc:ntilkitioni vial. Radio- I
.sti i ka a determinedi h% liquid scintillation 30~

klo ka Lki ile h le itet upta ke of, "Cai into sx napto- 2 26

sallies the uptae in !he !bsenc-- of' depiolarization
I f KI I kas subtracted froin the uptake in the 2 2 2

pireselice of depsilartz/ttion 605 niM KCI . This valueM
is referred ito as ' V potassi-induced change) -0 1.8

.1i rcprc:,cnts nctl KCI-induced uptake oif calcium ci 10 100 10~M l0UM 3O"M

I Blausten and Uctor. 1975. Leslie. Friedman, Wilcox riMet'al~r 01iM .

and FlrI rod. I 9SO( [a~ contro an d drug experiment F-g1 feto rchidcn ;l:; (E) PO:ris 0,gsD
AaN performned tising matched srnaptosomal prep- Fg .E~e faahdnca~ ~I Gg(..Pi

,iritlns ' ameL~jThecoten rotin ( 7) or PGE2 /s on potassium-stimulated uptake of cat-
aainfront tilsame batch. Thsotn rti ium in synaptosomes from the brain oIt the rat Points and

was determinied by 'I- method of Lowry. Rose- bars represent mean + SEM values fromt three separate

brough. 1-arr aindl Hmustein. 19511. using bovine experiments, each using triplicate samples



\taclidonic acid oTritahb lite, and caictui, -- ,

11D0 - 0Marinetti and Ahood. 19,43). The released arachi-
donic acid maN then he mietaboliz'ed by Iipoxsecnasc

10 -or cvclooxrgenase to form Ieukotrtencs. h~drox\ -

8-eicos atetraenoic acids or prstaglandins (Samuelson.
80-- 1981).

o It is possible that some metabolites of arachidlonic
10 acid (lipoxygenasc products) act as intracellular

- second messengers for press naptic inhibition. w~hile
~J 60~others lcvcloox~ genase products) act as first inessen-

50- gers on, the postsxnaptic cell for stimulation (Piomelli.
o '\ Shapiro. Feinnark and Sch~artz. 19X7av

4£ Pharmacolo ical experiments, performed on the
identified Aplrsia ititerneuron LI)) (Shapiro. Pionelli

3£..and Sch~iartz. 1987) and on Aplvsia sensor,, cells
30 (Piomelii et Ill.. 1 987a: Piomelli. . olterra, Ile.

2(- Sicclbaum. Kandel . Scbwart/ and Belardetti.
0 M 3 j, M 10 ;4 M 1 987b), have demonstrated the inw ls enent ot'

Loiii..Triintr,00n of indomeihac'in lipoxvgenase products of arachidonic acid in prc-

ti111 F fecki Ol idomeniciti i U on a'rachidon ic acid S"YnaPt ie in hibhiti on. In both t \pes of' cells, the re-
1~ %1 )-in duced ptINaNI~-tinUatCL1 uptake of calciumn sponses ito inhibitors transmitter, ikcre itiimickod

ii npt-.omcs t rom tihe brin of the rat \,alIue, are wkhen a raciidon ic acid sAa.N applied Pi oncet u/cia..
inean -St ,\1t ', epar~iii esperirnents. each using tripli- 18a.Lk,%spout frci
Cite JniTlpes, repre~eiecd 1, 1 percentage Ai control l97)Lks .CyrclooX\1genjaseprdcsfarh-
ine rlepkii~c. in the tih,,eni: ,I indom~ethacirv Net uptake donie acid are first messengers on the postsy naptic

ca '.ltiUn cs\Arked h% i aralCh!'tow acid :-aS cc!l for stimulation (Piomelli et e1.. I 98'ai and liase
- i I mii ie rtinbeen implicated as the biologicall% actise C.iciorl).

because csclooxs genase inhibitor,, ssere shov. n to
i~is( inhibit stimulated secretion. M ille thle eXolCn0 us

administration of one of several metabolites of eselo-
Sx iiWpto0onMC, Irvd .1useful NS temn for the oxygenase "sas shos~ n to reproduce the biological

stud% of thec hiochenircal mechaisms that mediate response (Whiffing and Barritt. 19S-',. lioseser.
tIt1iul!""'i'~iot op CUt---'. mnear-ons. The up-- mny have prokidecd evidence in support of the idea

taike oI '(- n to -\riaptosounlc %%a,, comparable ihat arachidortic acid itself ma% be hiologicalls actis e
on an Tm ri nl hasi, to ot her report, 11 es)c teIK ole;n ick. MIusacchto. Tha ss and (icrshe i o rn.
MNbA muck aid (Ioin/ales. 1982. Leslie. Barr and 1984).
(1it1dler. N '3) p lOta-IssIMi-itidLtCed depolarization Because arachidonic acid and it., metabolite,

if l , s nt~ioni the bratin of the rat stinmu lates, have been sl-os~ n to aflct calciunm homieos tasi in
endo,-citous phosphoiA - ich. in turn, releases sesceral types of cell t Barritt. 1981). it i, possible
a ra li l o"nic acid troil, lie ph. -phI1o i pi ds (Brad ford. that secretion. stim ul ated its a rachidon ic acid orit

'Ii!lv ii Uphtake III c.lciitti Or flisiiin chloride-,uiiulaied upiake ,I

1ill 'ril.. inei itwill rtihe hramii of the rt

( iidiltiirli it prostagiandii aind K( I

Wii\u1 PGut M5 PGDtA) PC1 
T

i L Ti5 m\1 K(

ii o '" 1 ) (1 155, - ll

(Ii I i X2 4"' 0 0iii' M)". W- P 5. -i

Oi- irc inea - MAt of tihree a p li cxsperiment s. each ulsinig triplicate amples. Terre-
'e~id ..' a PC~ILCIIge il c~nItIiihP(ilt Pnit. RiL. orM ( 11lso in the absen~ce
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Ic o ,~ Ilitediaed hN calciunm Inhibition of Kitax ama. [),)hi *:;, TsJImO to, 108) In J prillarv
arachindoiic acid-i.-duced influx. of calciunm by indo- culture of box ine adrenal chroinafitn colk
mcthacin in this Studyr demonstrated that arachidonic In sumntarN. these results indicate that araichidirnIIL
aidI acts thrlough11 Its csclooxvgenase metabolites. acid induces the uptake of calcium in the brain, an
prostaglainditis in) tiniulating the influx of calcium, effect that is mediated through21 thle formation (if

,UPPoi)tinu the results Of Most previou5  Studies. The prostao'landins anid that thec potasim-stim11ulated
'ail nrc of I ndoniethaizin ito inhibit prostaglandin- influx of calciumi and riatgadnehne.pot-
induced influx of calciunn Suggests that it interferes assium-stimulated influx of calcium maxN be Mediated
onil% v% ith the sv rtesis of' prost iglandins. through the i -txpe x oliage-senSit xC Calciuam

The prostaclandins PGF- a POE. and POD. are channels.
the nta101' Ones Produced (Abdcl-Halim. H-amberg.

S~iiitand Angizard. 1977: \xa, Sugino. Ueno RI:FIRFM(FS

and lHa\ aishi. I')\"%: Naruniva. Oritorochi. Nakao Abdel-Halini M. S., llainibcre %I . Soioquo B3 arid Angyord
anid 11) ihi i92: Sun. C hapmain and McGuire. F. t1977) ldentiiea'!orl ,of pr.i ,ittli 1) i3 s mna,1 1
I t'' n thle (iNS and thevir fo.beunctions in the prorstaglandin Ii hornogenates of rat brain IP.... w'aprhri,

(iS has c been rexctoed i %olfe. I 982: Wolfe and 14: 633 643.

Coccanri. 197L)). loxteier. it is not knovkn whether Barrmi G,. J, (19811 A proposalf or Ihk mechlinni h\ %khicli
a -ad renrerv'c agorrit isi.asopres in, aito teisin n d ci cIj

ni-isimid'lnd~ns ;n ilkc brain ite insvolved Ii intraeellu- AMP induce calciorm release from inicclliili stores in
tar calcium hoolsii. Ini this studN. POE--'. POD ihe liver cell, a possible role for rncirholites- ~'ir~ic:iid,,ni,:
a iid R if1 did nii CIt nhalice t lie basal i nfluix of calcium, acid ( cli Cal oh ii 2: 5 -3 61.

11I 1 bO l xitrad Itt t he I-Csolis In neuroblastomna of the Blaustein MI. P and Ectoi s . i09-Si firhiturici, whihitisqr
WOUc IIL glona hbriA GMS15cels i te rt. of calciuns Uptake 11% depolirije nets c te ini, mu ii
ii's ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~A". ahra [eas l alxbi 3I SI5clsi h a.~I1: 369) 3 1

xx here pi'tIiglamidin, alsoi induoce the itnflux of cal- Bradf'ord P. G . Miarinclti 6i \ andl Alood t1C i s1
ami Nisa ('I a!l. ISX) i. Io%%cS r. in the present Stiminulation of phospliol ipase Nv and ccrciwi ,I ,,-

11'. hCsL p rostaglarnd ii ornl13 en ha need the pot - echolani ine friiin brai i n pi sloii ncs hs Pota5,1 ii indn

,,oiiiii-iz 11111U\e intlu ofcalciumn itidicaitina that A. sIS J7 I eur..ii. h I55
Catteralt W~..A I 1988) Structiirt iiid a'. -- of woitaLe-

I~nhu~iniflCatnnot acet djiictl\ to promote the niieinchnlsiso,22ii6
)Ilu %fticiun- .\t the presenit tiiite, it cannot he (hiu F_ K Y and Richardson J. S I IISi Behaiorit inst

p %h iiiio i0 r ag ln n i, c no e fec t on t he neurochemica i aspects of pr-_siai lanid in xii hrain aur.,-
isa1 lxcc Ms of ptake of calciun.. Iowesc~r.sm tion. Genn. Phion, 1 6l: tll 63 ;

-Or!es'lmAnn L . HeMdt R_. Kiapperi1 V am! 1Iii ing Ci
*~~~~~~~~~~~~~ 1 iI t i o oteihbto vkdb t9821i Potential antticns ut-s c prtopcrt cs oI cndoLCeno ii

a re OI o 1i :acd, bS depola riza tion prostagla nd ins lormed in mo axe brain) Brin Re- 244):
Ii xi.I eU SA5,nid SMi 10-3: Piomlelli et al.. 11 3Ili.

Giulman A 6i aiid Nirenberg NI. it19'-h Reoula~oi of
\11Xi U~l i ;1 LdLI cj.ixili Lhiainel intagonists mnodi- adenosine 3 S5 -csclic nis-irph..phaitc inciabtisni i ciii-

, IC. :ri Ipanlil inddr~ja/rn epreenta cemialk t ured nen roblastonia cells Aairse 234: 35v0,.,
'''le s-i im, n ddia~ni rpreenta ceincal~ 'rav P. Ci. and Whuittaker V P. i09t,') If isolaioii
heln ,"leus rmo atagetsi Shixart. I952. ter of nerse endingts from braii a n ecL i ronicrs c

Ii a oiiori lm'cuv the %oltatte-sensitixe studs of cell fragnients deriNCLd b% hmowcni,'ation and

.12 Im i. ne l Sexera I t xpesofc, c ti ntiu channels centri fugation J. Anas. 6 r
I lagim avso S. and Rsixellx V I NtS I I. alciulr Iianiiel . tIiii

cxil joild c .x be dilstilneIlash bloth ph si ologicallx, R., AC14 1 ri t 6 -,"9 12
,iidp lts ricm iial H ThFie c.ilIci untl chanitnel blockers Kiamprecht B arid Scliulti J it_1 I i 1timii,itin hs

cxc r:. iri ietion is ile i -,-lass of channel, wkhich prosiaglanctin P, imaden'n'3 .. tWic monopliospliaic

chr. ci'dbv lirge 0 iDUCtanICes, of' long t'ormatin in neuLroblastm ia aell, Ii tile presence or

,!~tii Ridilymand binditte and chenical Studies pwahsplimidi.sicasea i Yibuur 1-1n lii ssn3:5Iligashida~~~~~~ I. Qaagvo \ 0'~ '5i I icili-
e1i- (ICitloiisi.IiCsi it' tindtie %erapantil and tai ion of si na piic i tran sinission li p% 'i Co a i inr I). It

s mhiiein intrct at dicrete sie,. alsctciated %with a ssnapes bemecen NGil-is I lifbil iind muscLJO Cell'

mali(1 p[m lie aLel!CUits chantnel (Triggle and Bywir Rio. 295: 113 19.)

V Iisd TQ-.-ricelc and Janii.19"t This protein, the tioriguchi S . Ueno R.. I-hiodo N1 and fiaimitifn1 l'IPi'

I ho ni x iat leXtarx ih o 0..19~ Ateratioln It rociceptuon alter iittracusieriial ad niilu-I 'Lf~ulll \\ill- amolciflr veq"ll f 1t) 9S iraliion ot prosiaglandin D F P. or 1 . to connscio'us niice
1,tihix Ile of sex eral components Of the i -typc Eur. J P/inuu 122: 173 1I7

..atciiii Jiiilihcl I( itterull. 1988) Kolesitick R. .N . MLuSdCCtili 1-. Thraxk ( and (irslcnirilr

.iciitii Lh,initcl blockers. usecd in this studs,. Mi C. 11984) Nrachidonic acid moiblties calciun awd
blcked thle ri,ti1i~ntsinUtlit influx of calcium Stintuta tes prolmici ttSecretion from 01I1 cells Anti J1

pm uti tact IPhi.iioi/. 246: F-455 [402.
and thce us~lndt-nacd potassium-stimu- Koisana Y.. Kitavania S.. mr) ,iiid Tsujiiti -\. iwssi
tatecd Ii tiu cailciiit. suggesting that. Iit the brain, Er idnce that 'Prostaegtndins ictisate calciiiit chiaiitiels

pr~it~ilatuhi ts ri pitassunttnt'm clixte typ ti hdnce basal ait stirnitauuun-eiroked catechililliie
Iiac -e lsti ecalcit channels. These results sup- rlacm o-n dea honti el i utr

ljifw hir. P/iuirnui 37. 1 725 1-30
flu, i indittg that t)icardipine. another dibydro- LazarewieC J W . Leui V.. Sun Gi Y arid Suit A ) 11011)
Pi riclitte c'Oi cirn clainiel blreker, suppressed the Arachicdoric acid release froit K '-exiked depolairizatrion
uptikle of cilctiirt indutced bx PC ;F,) I Koyama. of brain svnaptosorncN . eurs lu-ru ini 5: 4' 1 47S.



Aracltidotric aci1d Metabolites and calcium uptake
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